Vibrational relaxation
In Figure 1 we compare the delay dependence of the 2DIR signals of ELP90 at three positions along the diagonal that correspond to the center positions of the three main bands identified in the linear spectra. Figure 1 shows that the vibrational relaxation of the amide I mode speeds up with decreasing frequency of the vibration, and that the relaxation rate does not depend on the aggregation state of the peptide. In Figure 2 we consider the time dependence of the 2DIR signal of ELP1 on the diagonal.
We observe a trend which is analogous to that of ELP90. Specifically, the relaxation speeds up with increasing redshift of the amide I vibration, but it is independent of the solvent composition. The same conclusion can be drawn when considering the relaxation rates of the three modes extracted from the relaxation model (for ELP1) described in the main text 
Simulated frequency-frequency correlation function
We found strong evidence that the pentapeptide repeat unit of ELP1 and ELP90 always contains an intrapeptide hydrogen bond between the C=O group of the Val(1) residueand the NH group of the Val(4) residue. We further tested this interpretation by calculating the the frequency-frequency correlation function (FFCF) of the Val(1) residue for both the folded and the unfolded conformer of ELP1. We found that on the timescale of the simulations (10 ns) these two conformers do not interconvert, i.e. the peptide maintains the conformation chosen at the start of the simulation. Figure 4 displays the FFCF for these two simulations.
We see that the presence of the β−turn indeed causes a slowing down of the decay of the FFCF, which corroborates our interpretation. We further note that for the folded structure the replacement of the aqueous solvent by a TFE:water mixture leads to an upward shift of the simulated FFCF, which is also observed experimentally ( Figure 10b of the manuscript).
This upward shift can be explained by the greater inhomogeneity of a mixed TFE:water solvation shell compared to a solvation shell made up of pure water, in combination with the fact that the inhomogeneity caused by a TFE molecule is relatively long-lived due to the high mass of this solvent molecule. 
